The whole tumour area and a centimetre of surrounding healthy tissue should be covered evenly with seeds 1 cm. apart. Stereoscopic radiographs are always taken a few days after the implant has been carried out, and it has been possible to verify that the seeds are lying more or less in rows as planned. Fig. 2 shows a straight X-ray of a typical implant. Allowing for slight irregularities in the bladder wall, and the fact that the plane of the implant is not quite parallel to the film, it can be seen that the rows of seeds occupy a fairly satisfactory position.
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A radon seed implant was the sole method of treatment in some cases, the dose 6,000 r. It was felt, however, that in spite of the precautions taken to achieve uniformity of dosage a perfect implant was technically impossible in many cases, owing to contraction of the bladder wall when the tension was released at the end of the operation. For this reason it was decided to combine radon seed implantation with X-ray therapy. A dose of only 3,000 r is now given by means of radon, and this is followed by a course of X-ray therapy, giving a further 3,000 r to the tumour over three weeks by means of two opposed fields, one anterior and one posterior, each 10 cm. in diameter.
There are several advantages to be gained by this method, the main one being, of course, that it is possible to deliver a more uniform dosage to the tumour. Let us suppose that owing to irregularities in the distribution of the seeds variations in dosage of ± 331 % occur over the plane of the implant. Where the calculated dose is 6,000 r this means that the actual dose may vary between 4,000 r and 8,000 r, leading to a danger of recurrence and necrosis. Where the dose aimed at is only 3,000 r, variations of ±33j% mean fluctuations in dosage of between 2,000 r and 4,000 r. With the addition of a uniform overall dosage of 3,000 r by means of X-ray therapy the total variation is only between 5,000 r and 7,000 r.
Another advantage is that weaker seeds are used. With this method the strength of the seeds is usually about 0'3 mc. compared with seeds of 0-8 to 1 0 mc. or more, which are used in an outright radon seed implant. It can readily b6 appreciated that the danger of high dosage due to too close proximity of two seeds is of less serious import the weaker the seeds.
Finally the method is simple to carry out and is superior to treatment by X-ray therapy only, in that the total body radiation dose is low, and skin, bladder and rectal reactions are not so marked.
X-ray treatment is started not later than two weeks after the insertion of the seeds. Apparatus of 240 kV with a HVL of 2 5 mm. copper is used. Circular fields, 10 cm. in diameter, include the whole bladder and a little surrounding tissue but no attempt is made to treat the glandular areas. The position of the fields is checked by radiographs taken on the X-ray therapy tube with the patient placed as for treatment. For this purpose the kV is lowered to about 90, the m $. to about 7 and the time of exposure is about 4 seconds. The radon seeds mark the position of the tumour and are readily identified on the film. It is too soon as yet to assess the value of these measures but the results are promising. I would like to express my thanks to Professor R. McWhirter and Mr. D. Band for their guidance and help in the treatment of these cases and to Miss Brown of the Department of Surgery, University of Edinburgh, for the illustration shown in Fig Tis is a-record of experience of about eighteen months in the attempt to control the re-accumulation of malignant exudates in the abdominal and thoracic cavities by radioactive gold colloid. The syndrome is common, and the patient's existence is made miserable by the need for tapping every few weeks. So far, conventional treatment, radiotherapeutic or otherwise, has largely failed; any new method of promise is therefore worth exploring.
The most important of the early clinical reports in this field is by Muller (1951) . Other reports have come from Jentzer and Wanger (1950), Pluygers (1950) , Kent and Moses (1951) , Walton and Sinclair (1952), King et al. (1952) .
The object of treatment is to irradiate malignant deposits on the serous surfaces, and although the detailed pathology of fluid production is only imperfectly understood, it is hoped by this method to break the chain of whatever processes are responsible.
Physical data.-Radio-gold (Au 198) has physical characteristics that make it suitable for clinical use. It emits beta particles of maximum energy 0-96 MeV and two soft gamma rays (0-12 and 0-41 MeV), ending as Hg'98. The half-life is 2X7 days, 94% of the dose being delivered in eleven days. The beta particles, which deliver most of the dose. have a maximum range in tissue of 3 8 mm. About 50% of them travel 0 38 mm., and 90 % of the dose to a tissue bathed in the fluid is delivered in the first millimetre of tissue. In abdominal treatments it is estimated that thl gamma rays contribute only about S % of the dose. Their presence, however, enables us to detect and measure the radioactivity from outside the body just as in the case of radio-iodine.
The material is prepared for use in colloidal form, with a particle size of 50-100 mu: it is therefore not readily absorbed through the serous surfaces. The total gold content is about 0-2 mg./mc. or 16 mg. for 100 mc.; in considering possible toxic effects, this may be compared with 22 5 mg. of gold in a typical 50 mg. dose of sodium aurothiomalate as used by injection in treatment of rheumatoid arthritis. The proportion of active to inactive gold is about 1 in 40,000.
Technique.-Treatment has been carried out after admission to hospital. A preliminary tap is done and the greater part of the fluid removed; it is not advisable to attempt to remove all the fluid, especially if the injection of gold is to take place on a succeeding day (as has been our practice), for a dry tap at the actual injection is undesirable owing to uncertainty about the position of the end of the needle and possible damage to viscera. Microscopic examination of a sample of fluid will often show the neoplastic cells. The radioactive material is handled with the usual strict precautions, and transferred in the laboratory, under remote control, by pipette into a stoppered bottle. It is then. wheeled into the theatre, in a lead box, on a trolley. The technique of injection is simple. Fig. 1 illustrates the procedure, using a funnel and tubing. A little saline is run in first, to guard against blockage; the stopper is removed from the bottle and the colloid poured into the funnel with the aid of long tongs; finally a little more saline is run through, to wash all the colloid into the patient. The total volume of injected fluid has been about 100-150 ml. The specific activity of the colloid has been about 2 mc./ml., involving a bulk of about 25-100 ml. for the colloid alone, but more concentrated preparations have recently been introduced which enable the total fluid injected to be considerably reduced. More elaborate and elegant forms of apparatus have been devised by several workers for delivering the saline and colloid alternately in measured amounts; so far, the simple and cheap method described has served us well and without mishap.1
After the injection, the wound is sealed with collodion and gauze, and the patient is rotated, first on one side then on the other, then head down, then on his face, so as to distribute the radioactive fluid as uniformly as possible throughout the cavity. These turning manceuvres are continued at intervals in the ward for the following two hours. 'Recently, an even simpler procedure has been adopted. The gold solution is drawn straight up into a syringe and injected into the patient with the help of a two-way tap. The apparatus, clamped to a stand, is mounted at the patient's side in the theatre; the overall time has been cut down to a few minutes only.
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The radiation dosage received by personnel in the theatre has been measured by means of ionization chambers and films. The greatest dose, 0-01 r, was received during the carrying of the gold into the theatre. The exposure during the rest of the procedure was negligible, with no blackening apparent on the films.
Later on the same day, a physical survey of the patient is made, with a collimated Geiger counter, and the distribution of radioactivity is charted. Fig. 2 gives examples of typical serial distributions. There is always the possibility of finding a "hot-spot" due to loculated fluid that might lead to dangerously high local dosage-in which case it might be judged advisable to withdraw radioactive fluid. Only one case has given any anxiety in this way, but a repeat survey half a day later showed that the distribution had evened itself out. Two cases have shown definite spread of radioactivity from the abdomen to the thorax; so far no spread from thorax to abdomen has been found, though the number of thoracic injections has been relatively small. Measurements of radioactivity on blood samples in 8 cases have shown amounts varying from 0 004 to 0-1% of the total injected dose per litre of plasma. Urinary excretion is similarly low, about 0-1 of the total dose.
Precipitation of gold colloid. In the earlier batches some precipitation occurred during transit, but for the past year improved methods of preparation have given a clear and stable colloidal solution. It is of some importance to try to estimate how soon the gold precipitates on to the serous surfaces, since the surface dosage would be appreciably increased by early as compared with late precipitation. Evidence on this point can be obtained by repeated sampling of fluid after the injection; this is unpleasant for the patient but we have secured some data in 5 cases, shown in TableI. The figures given are the number of litres that would contain the whole of the injected gold if it was everywhere at the same concentration as in the sample taken; the results are corrected for physical decay. Since the reduction in concentration cannot be due to any significant extent to the production of new fluid, it seems reasonable to conclude that appreciable precipitation begins after an interval of between one and three days. This factor will clearly be relevant in considering findings such as the higher concentration of radioactivity in lymph nodes as compared with ascitic fluid five days after injection, reported by Jentzer and Wanger (1950) , as also in the interpretation of our own data in Table V. In one case the distribution was investigated with the patient first on her back, then on her side, one day after injection; the results showed the gold to be still mobile, since a considerable part of it collected at the lower side of the abdomen.
Radiation r-eactions. These have been generally quite mild. In 16 abdominal injections, definite reactions appeared in 6, usually on the following day; 4 of these developed some abdominal pain with vomiting or diarrhcea; none were alarming or gave cause for anxiety. In 4 chest cases, there was some pain in one case, which was thought not to be a radiation effect.
Clinical results. In choosing the cases, nearly all candidates with effusions were accepted as they appeared; only those seriously ill or moribund were considered unsuitable. Tables II, III and IV give details of the type of case, amount of gold injected and clinical effects.
In the abdominal cases the injected gold has ranged from 140 to 250 mc., the typical amount now being 170 mc. In 8 out of 15 cases no worth-while effect was obtained,and 5 died within a short time. In 4 of these 8, considerable masses were palpable in pelvis or abdomen; it seems logical to expect poorer results from a superficial form of treatment in such cases, and it is therefore not surprising to find them relatively less responsive.
In the 7 cases where a measure of success was achieved, re-accumulation has been controlled for periods of two to thirteen months so far. No. 1 was a case of seminoma testis after orchidectomy, a man of enormous girth, so large that we were unable to give more than a few hundred roentgens to the para-aortic nodes even with supervoltage at 2 MeV. Shortly after we abandoned treatment recurring ascites developed, with a lower abdominal mass palpable. Since his injection of 200 mc. there has been no recurrence for thirteen months, and the mass also disappeared. No other form of Large pelvi-abdominal mass.
No control therapy could have been expected to produce a result as satisfactory. No. 4 is of interest owing to the response apparently delayed for three months. No. 7 was an unfortunate who, before this treatment, had been tapped once weekly for two months, with about 10 pints withdrawn each time. It should be borne in mind that occasionally effusions subside for a long time after simple tapping or even spontaneously, but this is most exceptional and unlikely to be a significant factor in even a small series. The 4 pleural cases are summarized in Table IV . In No. 4 injections were made on both sides at the same session.
Summarizing the clinical results to date, we may say that worth-while success has been achieved in something between one-third and one-half of all cases. Table IIl did well for six months following injection of 150 mc. Recurrence then set in, for which 200 mc. were injected; death took place a month later. At autopsy, there was striking thickening of all peritoneal surfaces, especially over liver and spleen, which showed a gross "sugar-icing" appearance; the mesentery was about an inch thick. Fig. 3 shows the enormous fibrotic thickening over the spleen. The process appears to involve fibrinous depc sition with subsequent organization to fibrous tissue. The radioactivity would be the prima facie cause of this reaction, though the metallic gold itself, quite apart from the very small radioactive fraction, may be at least in part responsible. Such an organized layer may well act as an effective seal on the serosal surfaces, blocking tflepath of exudation. On the other hand, fibrosis of this degree could perhaps be a contributory factor in promoting intestinal obstruction; this is in any case a Another possible cause of fibrosis is a scirrhous reaction to the growth itself. This was seen in Case 2 of Table IV . At autopsy, the pleura on the injected side was markedly opaque and thickened, but microscopical examination left little doubt that this was mainly a reaction to the widespread growth which was invading lung, pleura and diaphragm; similar though much earlier changes were seen on the opposite untreated side. In contrast with this case, no such evidence of growth as the cause of the fibrosis was seen in the previously described abdominal case.
Tissue dosage.-The question of dosage is difficult and involved, depending on various imperfectly known factors such as volume of fluid, extent of surface exposed, rate of deposition of colloid, &c. Some direct evidence was obtained from specimens of organs removed in the above-mentioned abdominal case, and the data are given in Table V . The specimens were dissolved in hydrochloric acid and dosage estimated by liquid counting. The doses given were based on the assumption that the radioactive material was deposited in the tissue at once and decayed in situ; this is not, of course, true in practice and the doses are therefore upper limits. Fig. 4 demonstrates gold particles in the peritoneum, as seen microscopically. For confirmation of their nature, the same section is shown after washing in 5 % sodium cyanide solution. Cyanide dissolves out iron, silver and gold; the presence of silver can be ruled out, while iron can be demonstrated by appropriate stains. This reaction may be used to differentiate particles of carbon in lung and pleura, which are commonly present. Prophylactic use.-Another possible application of radioactive gold readily suggests itself-to deal with malignant cells spilled at operation, e.g. af er the common accident of a ruptured ovarian cyst. Gold instilled intraperitoneally at the end of operation, or soon after, might have a decisive effect in eliminating early possible seedlings. Our own experience is confined to a single case, where a little pseudomyxomatous jelly was found in the pouch of Douglas. 135 mc. were instilled, and there has been no clinical recurrence for nearly two years. This is a field that merits further exploration by a controlled series. 
